Summary
Introduction
Most grazing beef cattle are provided supplemental minerals via free-choice, salt-based mineral mixtures. Depending on the region of the country, these products are formulated for a target intake of 57 to 170 g/heifer daily. All animals do not eat the desired quantity of mineral. Some animals may eat more or less, whereas some may eat no mineral at all. It is this averaging effect, over time, which allows free-choice mineral supplements to be the most practical choice for most situations. Seasonal variation in mineral intake is evident. A 2-yr review of weekly mineral intake at the University of Florida, Range Cattle Research and Education Center, Ona, revealed that cattle readily consume salt-based mineral supplements in the wetter summer months. In contrast, during the dryer winter months free-choice intake may be decreased by a seasonal average of 15% or more. Free-choice, salt-based supplements are not the only method for supplementing minerals to grazing cattle. Mineral can be provided to cattle via fertilizers, in fortified water, oral drenches, boluses, injections, and through energy and protein supplements. In Florida, as well as much of the Gulf coast region, the use of molasses-based supplements for beef cows is common.
Procedure
In Exp. 1, 36 non-pregnant, Simbrahsired heifers with adequate liver Cu concentrations were randomly assigned to bahiagrass (Paspalum notatum) pastures of equal size (3 heifers/pasture). Two supplements were formulated using corn and cottonseed meal (n=6 pastures/treatment) or molasses and cottonseed meal (n=6 pastures). Each supplement was formulated to provide, on average, 3.3 kg of TDN and 0.7 lb of CP/heifer daily. Supplements were fed 3 times weekly and were fortified to provide 140, 76, and 63 mg of Cu, Mn, and Zn/heifer daily. Complete consumption of the supplement offer was achieved within approximately 24 to 36 h. The study was conducted during the winter months when pasture forage might be limiting, therefore, heifers in each pasture were provided free-choice access to long stem limpograss (Hemarthria altissima) hay. To assess the effect of supplement composition on trace mineral availability, plasma ceruloplasmin and liver Cu, Mo, Fe, Mn, and Zn concentrations were determined on day 0, 29, 56, and 84.
In Exp. 2, 24 pregnant, Braford-sired heifers with adequate liver Cu concentrations, were randomly assigned to bahiagrass pastures of equal size (2 heifers/pasture).
Three supplement treatments (4 pastures/treatment) were formulated using, 1) corn and cottonseed meal, 2) molasses and cottonseed meal, and 3) corn, cottonseed meal, and added S to equal the amount provided by the molasses-based treatment. As in Exp. 1, supplements were fed 3 times weekly and were fortified to provide 140, 76, and 63 mg of Cu, Mn, and Zn/heifer daily. Complete consumption of the supplement offer was achieved within approximately 24 to 36 h. To assess the effect of supplement composition on performance and trace mineral availability, body weight, and liver biopsy, samples were collected on days 0, 32, 57, and 90, following a 12 h shrink.
Results
In both experiments, liver concentrations of Zn, Mn, and Fe were not affected by supplement type (Table 1) . In contrast, mean liver Mo concentrations These results suggest that components within molasses decrease the accumulation of liver Cu in heifers. This effect is likely the result of high concentrations of S, naturally found in molasses.
tended (P=0.06 and 0.10 for Exp. 1 and 2, respectively) to be greater in heifers fed molasses-based supplements (Table 1) . This response is likely due to the higher amount of Mo provided by molassesversus corn-based supplements (3.2 vs 1.3 mg daily for molasses-and corn-based supplements, respectively).
Supplemental Cu was provided at approximately 2x above the National Research Council's suggested dietary level of 10 ppm. Nevertheless, in both experiments, liver Cu accumulation was less in heifers provided molasses supplements than heifers fed dry supplements (Figures 1 and 2 ). This response is possibly the result of decreased Cu absorption due to the formation of ruminal thiomolybdates. Thiomolybdates can impact Cu nutrition in ruminants by two means; 1) irreversibly binding Cu in the gut, thereby preventing absorption, and 2) postabsorption systemic depletion of Cu from tissue sites. The formation of thiomolybdates is directly dependent upon available dietary S, and S intake is a major factor influencing the sensitivity of ruminants to Mo. In the current study, the inclusion of added dietary S to a cornbased supplement (Exp. 2) resulted in the partial inhibition of liver Cu accumulation noted in heifers fed the molasses-based supplement (Figure 2 ). This partial inhibitory response on liver Cu accumulation may be the result of the inability of the ruminal microbial population to fully reduce the supplemental S provided in the molassesbased treatment containing supplemental S. Dietary S must first be reduced to sulfide before it can interact with Mo to form thiomolybdates. Another explanation may be related to an insufficient quantity of Mo in the cornbased supplement to fully participate with S for the formation of thiomolybdate. Although minor, the molasses did contain a greater concentration of Mo than the corn used in these experiments. This difference in Mo concentration of the base supplement may be sufficient to explain the differences seen in liver Cu accumulation between the molasses-based and corn-based + S supplements ( Figure  2 ).
Ceruloplasmin concentrations, the major transport protein for Cu in the blood, were lower in heifers supplemented with molasses-than cornbased supplements in both studies ( Table  2) . This response may be a result of thiomolybdate formation in molassessupplemented heifers, as decreased ceruloplasmin activity has been shown in both sheep and cattle infused with thiomolybdate.
The animals in the current study were not considered Cu deficient, therefore, clinical signs of production loss associated with Cu deficiency were not evident. As well, prior to the start of the study heifers from both experiments were maintained on bahiagrass pasture, in a single group, with free-choice access to a completely balanced, salt-based mineral supplement.
In most production situations, cattle would only consume molasses-based supplements during the winter months when forage availability is limiting. Even though molasses may decrease heifer Cu status during the winter supplementation period, heifers are likely able to replenish their reserves during the summer grazing season. 
